We aim to reveal the nature of the Sloan Digital Sky Survey (SDSS) stars: SDSS J100921.40+375233.9, SDSS J015717.04+135535.9, and SDSS J171422.43+283657.2, showing apparently high NUV excesses for their g − z colors, as expected for extremely low-metallicity stars. High resolution (R=60 000) spectra of the stars with a wide wavelength coverage were obtained to determine their chemical compositions with the Tull echelle spectrograph on the 2.7 m telescope at the McDonald Observatory. We derived the spectroscopic parameters T ef f =5820±125 K, log g = 3.9±0.2, and ξ t = 1.1±0.5 km s −1 for SDSS J100921.40+375233.9, T ef f =6250±125 K, log g = 3.7±0.2, and ξ t = 4.0±0.5 km s −1 for SDSS J015717.04+135535.9, and T ef f =6320±125 K, log g = 4.1±0.3, and ξ t = 1.5±0. 
Introduction
Stars with extremely low iron abundances are rare, and only a handful are known at [Fe/H] < −3.5 2 (Beers & Christlieb 2005; Schörck et al. 2009 ).
Therefore, any efforts to identify additional candidates in this regime are important. Metal-poor stars exhibit a distinct UV excess compared to highermetallicity stars, as metal (mainly iron) line opacity becomes smaller. UVexcesses have long been used to identify halo stars in the solar neighborhood (see, e.g., Eggen, Lynden-Bell & Sandage 1962) , and with the advent of the Galaxy Evolution Explorer (GALEX, Morrissey et al. 2007) , UV fluxes are now available for sources down to at least m AB < 20 over more than 25 000 square degrees of the sky, presenting us with a new opportunity to search for low-metallicity objects.
⋆ E-mail: timursahin@akdeniz.edu.tr 2 Standard notation is used for quantities [X] where [X] =log(X) star -log(X) ⊙ . Fig. 1 . A stellar density map in the plane of the N U V − g and z − g colors for a sample of 200,000 stars which are photometrically similar to the flux standard BD+17 4708 (star symbol). Two accumulations of sources are present. The first one is centered at z − g = −0.47 and N U V − g = 3.7. The second cluster is at a similar z −g but a lower N U V −g ≃ 2.7. Also, the calculated fluxes for a similar subgiant to BD+17 4708 are shown with solid lines for [Fe/H] 
Making use of the tables of cross-matched sources between Galaxy Evolution
Explorer (GALEX) and SDSS available at the Multimission Archive at the Space Telescope (MAST), we have endeavoured to identify stars that exhibit colors of extremely metal-poor stars. Figure 1 , a combination of GALEX and SDSS photometry, i.e., a stellar density map in the plane of the NUV 3 − g and z − g colors for a sample of some 200,000 stars, reveals two accumulations of sources: one centered at z − g = −0.47 and NUV − g = 3.7 and associated with moderately metal-poor F and G main sequence and subgiant stars. The second cluster at a similar z − g but at NUV − g ≃ 2.7 is populated by white dwarfs. We have used the g, z and NUV colors of BD +17 4708 to set the zero point of the z − g and NUV − g scales for model fluxes from Kurucz's model atmospheres 4 (Kurucz 1993) . For the photometry of BD +17 4708, the fluxes are taken from Bohlin & Gilliland (2004) ; this star is indicated with a star symbol in Fig (Table 1) as candidates for high-resolution optical spectroscopy. Closer inspection of the database, however, revealed that SDSS photometry of the three stars is unreliable; there are saturation flags with their entries. Thus, the stars are located incorrectly in Fig. 1 , as our abundance analysis demonstrates. J100921 5820 ± 125 3.86 ± 0.20 1.08 ± 0.5 −1.30 ± 0.13 J015717 6250 ± 125 3.70 ± 0.20 4.04 ± 0.5 −0.94 ± 0.19 J171422 6320 ± 125 4.12 ± 0.30 1.47 ± 0.5 −0.80 ± 0.15
Spectroscopy
High-resolution spectra were obtained for the three stars listed in Table 1 Tull cross-dispersedéchelle spectrograph (Tull et al. 1995) . The spectra have a FWHM resolving power of λ/δλ ≃ 60, 000 with full spectral coverage from 3600 to 5300Å , and substantial but incomplete coverage from 5300 to 10 200
A .
Spectra of 30 minutes each on each night were combined to remove cosmic-rays hits and to improve the signal-to-noise ratio (S/N). Wavelength calibration was performed using a Th-Ar hollow cathode lamp for which the spectra were acquired before and after each of the sets of program star exposures.
Observations were reduced using the echelle reduction package in IRAF.
5 The bias level in the overscan area was modeled with a polynomial and subtracted.
In order to correct for pixel-to-pixel sensitivity variations, a flatfield was used.
Scattered light was modeled and removed from the spectrum. The spectra were optimally extracted. The individual orders were cosmic-ray cleaned up, continuum normalized, and merged into a continuous spectrum with bespoke echelle reduction software in IDL (Şahin 2008) . The reduced spectra were transferred to the STARLINK spectrum analysis program DIPSO (Howarth et al. 1998 ) for further analysis (e.g. for equivalent width measurement). A section of the final spectrum is shown in Figure 2 .
We measured the radial velocity of our targets using cross-correlation against the spectrum of Arcturus (Hinkle et al. 2000) . The spectral range used for the cross-correlation was 4800-5300Å .
6 As a check, we also derived radial velocities by measuring the central wavelength of several unblended Fe i lines.
These central wavelengths were compared to laboratory values (Nave et al. 1994 Table 1 .
ABUNDANCE ANALYSIS -THE MODEL ATMOSPHERES AND STEL-LAR PARAMETERS
Chemical abundances were calculated using the current version of the local thermodynamic equilibrium (LTE) stellar line analysis program MOOG (Sneden 1973). We use a grid of ATLAS9 model atmospheres (ODFNEW models) (Castelli & Kurucz 2003) . The model parameters were determined using only spectroscopic criteria. We determined the effective temperature of the star from the condition that Fe abundance should be independent from the lower excitation potential LEP Iron is used as the primary element via ionization equilibrium to provide a Teff -log g locus which with an independent estimate of Teff is used to obtain an estimate of log g. Finally, the metallicity [Fe/H] is refined by requiring that the derived abundance be equal to that adopted for the construction of the model atmosphere for the final set of T eff , log g, and ξ.
The Balmer Lines
Balmer line profiles offer an alternative method of estimating atmospheric parameters. For the three SDSS stars, predicted profiles for Hβ lines are computed with SYNTHE (Kurucz & Avrett 1981) . and very close to the Fe excitation temperature. In Figure 3 , we also illustrate the observed profiles with best-fitting theoretical line profiles correspond to effective temperatures of T eff =6320 K and 6250 K for log g=4.12 and 3.70 
ABUNDANCE ANALYSIS -ELEMENTS AND LINES
The lines of neutral and/or singly-ionized atoms were systematically searched for using lower excitation potentials and gf -values as a guide. The Revised Multiplet Table( 
DISCUSSION
We performed the first detailed abundance analysis on SDSS J100921 and J171422 for 21 elements and on J015717 for 19 elements. A summary of the abundances for the stars is given in Table 6 , where the quantities log ǫ(X),
[X/H], and [X/Fe] are reported in columns two, three, and four. For the SDSS J100921 and J171422, these abundances were computed for the common lines with the model parameters reported in Table 1. Table 2 , 3, and 4 list the elemental abundances for these two program stars while the abundances for the J015717 is listed in Table 5 . Table 2 The Fe lines used in the analysis of SDSS J100921 and J171422 and corresponding abundances for models of T eff = 5820 K, log g = 3.9, ξ = 1.1 and T eff = 6320 K, log g = 4.1, ξ = 1.5, respectively. Table 3 The Fe lines used in the analysis of SDSS J100921 and J171422 and corresponding abundances for models of T eff = 5820 K, log g = 3.9, ξ = 1.1 and T eff = 6320 K, log g = 4.1, ξ = 1.5, respectively. Table 4 The lines used in the analysis of SDSS J100921 and SDSS J171422 and corresponding abundances for models of T eff = 5820 K, log g = 3.9, ξ = 1.1 and T eff = 6320 K, log g = 4.1, ξ = 1.5, respectively. Table 5 The lines used in the analysis of SDSS J100921 and SDSS J171422 and corresponding abundances for models of T eff = 5820 K, log g = 3.9, ξ = 1.1 and T eff = 6320 K, log g = 4.1, ξ = 1.5, respectively.
Species λ EW EW log ǫ(X) log ǫ(X) LEP log(gf ) Species λ EW EW log ǫ(X) log ǫ(X) LEP log(gf ) Table 6 The lines used in the analysis of SDSS J100921 and SDSS J171422 and corresponding abundances for models of T eff = 5820 K, log g = 3.9, ξ = 1.1 and T eff = 6320 K, log g = 4.1, ξ = 1.5, respectively.
Species λ EW EW log ǫ(X) log ǫ(F e) LEP log(gf ) Species λ EW EW log ǫ(X) log ǫ(F e) LEP log(gf ) In this analysis, the stars, J171422 and J015717, are found to be α-poor stars, Table 7 The lines used in the analysis of SDSS J015717.04+135535.9 for a models of T eff = 6250 K, log g = 3.7, ξ = 4.0. Table 8 Abundances of the observed species for SDSS J100921, J171422, and J015717 are presented for the model atmospheres of T eff = 5820 K, log g = 3.9, ξ = 1.1 and T eff = 6320 K, log g = 4.1, ξ = 1.5, and T eff = 6250 K, log g = 3.7, ξ = 4.0, respectively. The solar abundances from Asplund et al. (2009) ton & Sneden 1987 & Sneden , 1988 & Sneden , 1991 Zhao & Magain 1990; Ryan et al. 1991; Nissen et al. 1994; Fuhrmann et al. 1995; McWilliam et al. 1995) 
CONCLUDING REMARKS
Two of the stars under scrutiny (SDSS J100921.40+375233.9 and J171422.43+283657.2) appear to lie close to ultra-low metallicity ([Fe/H]=−3.5) population track (Fig 1) , with the caveat that the SDSS photometry for them is saturated.
For the third object, SDSS J015717.04+135535.9, one of the available observations place it in the ultra-low metallicity range, even though four other observations of the object indicated redder NUV−g colors 11 , and in this case both the GALEX and the SDSS photometry were flagged as problematic.
Despite of the high risk, we have followed spectroscopically these targets to explore the nature of these stars in detail.
We report that none of these SDSS stars present ultra-low metallicities. Two of the stars, J171422 and J015717 are found to be two low-α halo stars. An interesting anomaly is noted for J015717.04+135535.9 which exhibits a high rotational velocity (e.g. 40 km s −1 ), unusual for a halo turnoff star. The star, J100921 is roughly consistent with thick-disk membership.
A ABUNDANCE ANALYSIS -ELEMENTS AND LINES
Li: The 6707Å Li i is detected in J100921. Lithium is assumed to be purely 7 Li. Then the synthetic spectrum is computed and matched to the spectrum of the star by adjusting the Li abundance to fit the 6707Å line. For the spectrum Table 6 as upper limits.
13 C: Detection of C i lines was sought via the 3s 3 P o -3p 3 P multiplet with lines between 9061Å and 9112Å . The detected multiplet lines are presented in Table 3 and Table 5 for three SDSS stars. The gf -values are taken from Wiese, Fuhr & Deter (1996) .
O: For J100921.40+375233.9, an abundance log ǫ(O) ≃ 8.3 fits the O i triplet at 7774Å . The triplet is fitted by an abundance of log ǫ(O) ≃ 8.5 for the J171422. In the spectrum of J015717, only one member of the triplet being 7772Å O i was measurable. The 8446Å feature is also present and provides abundances reported in Table 6 . The gf -values are taken from Wiese, Fuhr & Deter (1996) . Na: Four Na i lines were suitable for abundance analysis of J171422 (Table 3) .
The Na i doublet at 5688Å is fitted by an abundance of log ǫ(Na)=5.2 for the J100921. The gf -values are taken from C. Froese Fischer 14 who used dipole length and dipole velocity form of the LS line strength in the calculations of oscillator strengths. Achieved accuracy between the length and velocity results are quite small, of the order of 0.01 -0.02. For J015717, the Na lines used in determination of abundances for J100921 and J171422 were mostly smeared out due to high value of the stellar rotation. In addition to smearing affect, some Na lines (e.g. Na i lines at 5688Å and 8195Å ) showed doubling while some were found to be heavily blended (e.g. Na i line at 8183Å ).
Mg: For the two weak Mg i lines at 4571Å (RMT1) and 5711Å (RMT8), the gf -value are taken from G. Tachiev Ca: The gf -values for the Ca i lines listed in Table 3 and Table 5 Sc: The gf-values for the Sc ii lines in Table 3 and Table 5 Ni: A dominant source of the gf -values for the Ni i lines is Kostyk (1982b) .
The gf -values from Doerr & Kock (1985) and Lennard et al. (1975) are also used.
Zn: Zinc is represented by the two Zn i lines of RMT2 at 4722Å and 4810Å .
The former line is not detected in J015717 and also, the letter one could not be resolved from the background. The gf-values are from Biémont & Godefroid (1980) .
Sr:
The strong resonance lines of Sr ii at 4077Å and 4215Å are present in the spectra of J100921 and J171422. Their equivalent widths are listed in Table   4 . The gf -values are from Brage et al. (1998) . Table 4 . We present the mean Y abundances for both stars in Table   6 . The adopted gf -value for the line differs only -0.05 dex from the gf -value of Hannaford et al. (1981) . For J015717, no zirconium line was detected.
Ba: The Ba abundance is based on the Ba ii line at 4554Å and the lines at 5853, 6141, and 6496Å . The gf-value adopted is the mean of the experimental values from Gallagher (1967) and Davidson et al. (1992) . Hyperfine and isotopic splittings are taken into account from McWilliam (1998) .
